The use of the rib for primary alveolar cleft bone grafting offers one of the few donor sites for grafting under one year of age. Its use in 211 patients in an 11 year period revealed no morbidity other than a small donor scar. Rib grafting in infants differs significantly from that in teenagers and adults with minimal pain, no risk of pneumothorax when properly performed, and more than an adequate stock of bone for the alveolar defect.
A lveolar bone grafting is an important component of surgical rehabilitation for all cleft deformities that involve the alveolus. The establishment of a bony bridge across the clefted maxilla at the alveolar level has well-recognized functional benefits. These include maxillary arch stability, obliteration of oronasal fistulae, and the creation of an osseous matrix that is favorable to both the periodontal health of teeth adjacent to the cleft and underlying odontogenic eruption. The timing of such alveolar osseous is most commonly done as a secondary procedure somewhere in the mixed dentition period, although the use of graft placement in patients younger than 1 year is the preferred initial approach in some centers.
Donor site options for secondary alveolar grafting are multiple and can include the ilium, calvarium, tibia, and mandibular symphysis. The morbidity associated with harvesting of these donor sites is well known and has been previously reported. [1] [2] [3] [4] However, donor site options in primary alveolar cleft grafting are more limited because of the immature skeletal development of the infant. These are restricted to the calvarium and rib, although the skull is not typically used because of the absence of a diploic layer in patients younger than 1 year. Cranial harvest in an infant may result in a permanent fullthickness defect because bony regeneration is not always assured. Therefore, primary alveolar cleft bone grafting usually is done using rib tissue.
The morbidity of infant rib harvesting has not been previously reported, presumably because of the limited number of cleft centers that use this approach. One parameter on which to judge the clinical utility of any bone graft donor site is the morbidity of the harvest. From this perspective, the technique and results in a large series of infant rib harvests for alveolar cleft grafting is reviewed.
SURGICAL TECHNIQUE
After the induction of general anesthesia, the infant is positioned so that good exposure is obtained to either anterior hemithorax. This is facilitated by the placement of a rolled towel under the ipsilateral scapula. The rib chosen for harvest should lie several centimeters inferior to the nipple, especially in female patients to avoid a potential scar over the development of the future breast mound. This can be assured if the level of the rib harvest lies below the inferior edge of the pectoralis major muscle (Fig 1) . This is usually the sixth or seventh rib, but the actual rib number is unimportant as long as the harvest site is low enough. A small 3-cm incision is marked with its most medial extent at or just behind the anterior axillary line. This is important because access to the costochondral junction for anterior disarticulation is needed. The incision should parallel the posterolateral curve of the underlying rib. After infiltration of local anesthesia containing epinephrine, sharp dissection is carried through skin and the underlying serratus muscle to the desired rib. The periosteum is incised and elevated circumferentially with small Doyan (pigtail) rib dissectors. The rib is then disarticulated from the costochondral junction anteriorly and cut posteriorly with small bone cutters, usually The lateral chest incision should be placed inferior and lateral to the lower border of the pectoralis, which usually results in harvest of a portion of the sixth or seventh rib. CCJ = costochondral junction; PM = lower border of pectoralis major muscle. removing a 2.0-cm piece for unilateral cleft defects and a 3.0-cm piece for bilateral cleft defects (Fig 2) . The harvest site is then filled with saline and checked for a pleural leak by positive pressure ventilation to 30 cm of water. Multiple layer closure is done, including the periosteum, muscle, dermis, and skin. Final skin closure is done with a running 5-0 plain suture and an occlusive skin glue (Dermabond, Ethicon, Somerville, NJ).
The rib is split by an osteotome and placed as a buccal onlay between the cleft maxillary edges over a minimally dissected pocket through a triangular buccal mucosal flap technique.
RESULTS
A total of 211 patients during an 11-year period were treated with primary alveolar cleft bone grafts. All patients were between the ages of 8 and 14 months of age. Most of the clefts treated were unilateral (175; 83%), with a preponderance of male patients (124; 59%). The typical time required for harvest from skin incision to skin closure was less than 30 minutes.
No patient experienced a pleural violation and the introduction of intrathoracic air that required intraoperative repair. Postoperative chest films, which were routinely taken in the recovery room, demonstrated no pneumothorax. As of 1999, after the 108th patient in this series, the use of routine postoperative chest films was discontinued.
No postoperative infections requiring drainage of the chest donor site occurred. Cellulitis presented in one patient, which required intravenous antibiotics for resolution (1/211; 0.5%). No patient experienced any postoperative pulmonary complications such as atelectasis or pneumonia. All incisions proceeded to complete healing without hypertrophic scarring (Fig 3) . No patient required any form of scar treatments or surgical revision.
DISCUSSION
Numerous articles have appeared in the literature pertaining to the multiple uses of autogenous rib grafts; however, few report the incidence of donor site morbidity associated with their harvesting. When rib graft harvests are considered, most surgeons typically have concerns about intraoperative pneumothorax and postoperative intercostal neuralgia 5, 6 in addition to its structural quality, moldability, and volume preservation.
Donor site morbidity is one of several important factors that must be considered when choosing a bone graft. Other equally important factors to consider are the quantity of bone required, the type (cortical and/or cancellous) of bone needed, location of the recipient site, age of the patient, and the expected biologic behavior, mainly neovascularization and bone resorption, as well as experience of the surgeon.
Skouteris and Sotereanos 7 presented a retrospective study evaluating 28 patients in whom a total of 31 rib resections had been performed. They noted a pleural tear in one patient during the harvesting of a costochondral rib graft, with the tear being repaired without resultant pneumothorax. No incidence of pneumothorax, postoperative pulmonary complications, or wound infection or breakdown was reported. Long-term follow-up showed that no patient experienced any chronic donor site discomfort, and all patients found their scars to be esthetically acceptable.
Whitaker et al 8, 9 published three articles in which the incidence of pneumothorax was reported after rib graft harvesting for craniofacial procedures. In two of these reports, 8, 9 the first of which involved 149 patients and the second 151 patients, the incidence of pneumothorax was 5.3%, and 18%, respectively. In these two groups of patients, autogenous grafts were obtained from the calvarium, ribs, and iliac crest; however, the number of patients who had rib grafts taken was not recorded. In their third re- 
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port, Whitaker et al 5 recorded an incidence of pneumothorax as high as 20% to 30% in a group of 793 patients who underwent craniofacial operations.
Another potential risk when harvesting rib is that of a superficial donor site infection. One such case of infection was reported by Woods et al 10 in a group of nine patients in whom rib grafts were used for simultaneous fracture repair and augmentation of the atrophic edentulous mandible. James and Irvine 11 reported on the complications of autogenous rib graft harvesting in a group of 41 patients who underwent 52 partial rib resections. The rib grafts were used in Le Fort I, II, and III osteotomies, temporomandibular joint reconstruction, an inverted L osteotomy, and as onlay grafts for the maxilla and mandible. The authors reported only one case of pneumothorax, which was unrelated to the removal of the costochondral graft. Donor site wound breakdown occurred in two patients as a result of wound infection and from development of a hematoma. The incidence of postoperative chest infection, the exact nature of which was not mentioned in the article, was high (14.6%; 5 patients). In four of these patients the chest infection was attributed to the late initiation of effective postoperative respiratory physiotherapy.
Laurie et al 6 retrospectively and prospectively examined 104 donor sites in 72 patients; 44 of the sites were the chest. The mean age of this study was 14 years. A record was made of the incidence of pleural laceration and other early chest complications (eg, pneumonia and hemothorax; severity and duration of early postoperative pain; incidence of delayed wound healing; state of the mature scar, including length, width, and contour; incidence and severity of late pain; and final contour of the underlying ribs). Four (9%) patients had pleural lacerations that required chest tube drainage during the postoperative period. All four of these patients had more than one rib harvested. All chest wounds healed primarily, and no patients had chest infection or excessive hemorrhage. All patients had postoperative pain of a moderate degree lasting from 1 to 8 weeks (mean, 2 weeks). All chest scars were located in the inframammary crease. The average length of the mature chest scar was 7.5 cm; the average width was 0.3 cm. Three patients (6.8%) had persistent chest pain, pleuritic as well as constant, after 2 years.
On inspection, Laurie et al found most patients had a mild chest-wall contour defect. No patient had a palpable contour deficit of the underlying rib, although fenestrations in regenerated ribs usually were obvious during repeat harvesting procedures. In fact, it was found that regenerated ribs were not generally suitable for grafts, which is contradictory to what has been written in the literature. According to the follow-up study of Psillakis and Woisky 12 of 18 rib grafts, patients younger than 30 years showed complete regeneration of donor areas of bone grafts, and these areas may be reused in young patients and with complete assurance in those younger than 20 years. The removal of rib grafts is easy in children, and the morbidity is low, with only minor complaints about the donor site. 4 Rib grafts have been used in many parts of the body, not just in craniofacial reconstruction. Sawin et al 13 analyzed the postoperative morbidity of using autogenic rib bone grafts in posterior cervical fusions. Graft-related morbidity was observed in 11 (3.7%) of 300 patients who underwent rib harvesting. Pneumonia was the most common postoperative complication; it was encountered in eight patients. Persistent atelectasis occurred in two patients. No cases of pneumothorax, intercostal neuralgia, or chronic chest wall pain were encountered.
This clinical series demonstrates that rib harvesting in the infant is associated with essentially no morbidity. This is different from most previously reported series, attributable principally to the age of the patient. The small size of the infant chest, the pliability of the thin cortical bone, and the limited manipulation of the tissues makes rib graft harvesting uncomplicated. In addition, avoiding the costochondral junction and requiring only a small amount of bone contributes to the safety and ease of the procedure.
The infant offers few options for autogenous bone. Fortunately, the need for bone grafts in the infant is uncommon, with the exception of early alveolar cleft grafting, for which small struts of cortical bone are useful. When this procedure is undertaken, the donor chest site results in a small scar but no other significant morbidity.
